Mechanisms of small globular protein-induced plasma membrane permeability and cytotoxicity in U87-MG human malignant glioblastoma cells.
Small globular protein (SGP) is an artificially designed protein that forms small pores on lipid bilayer membranes. The anti-tumor effect of SGP has been reported in several papers. However, the exact mechanism underlying SGP-induced cell death remains to be determined. The mechanisms of SGP-mediated cytotoxicity were examined using cultured malignant glioblastoma cells (U87-MG). Morphological changes were observed under a light microscope. Ultrastructural changes were examined by electron microscopy. Changes in membrane permeability were evaluated by measuring the extracellular release of lactate dehydrogenase (LDH) and intracellular calcium concentration ([Ca2+]i). A new cell viability assay was also conducted using DAPI/calcein fluorescent-double staining methods. SGP cytotoxic effects were strongly influenced by fetal bovine serum (FBS) concentration in culture media. After 30 min of incubation, cytotoxic effects were noted at SGP concentrations greater than 1.5 microM. [Ca2+]i increased immediately after SGP addition. Extracellular efflux of LDH increased linearly with SGP doses (r(2) =0.936), and occurred even at concentrations less than 1.5 microM. Non-viable and viable cells were simultaneously detected by fluorescent staining with DAPI and calcein-AM, respectively. After 30 min of incubation with SGP, DAPI-positive nuclei were evident at concentrations higher than 1.5 microM. Cultures were then maintained in 10% FBS-containing media for 24 h before addition of calcein-AM. Calcein-positive cells were found at SGP concentrations lower than 1.5 5M. Cells positive for both DAPI and calcein appeared at a concentration of 1.5 microM. Our results indicate that SGP induces rapid but transient cytotoxicity, which may be beneficial in local therapy of malignant brain tumors.